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Invasive Examination of Cardiovascular Disease i 

■ — ^ 

Masashi HORIMOTO, MD*K Takashi TAKENAKA, MD*2, 
Keiichi IGARASHI, m)*^ Hitoki INOUE, MD** and Masatoshi AMINO, MD*^ 

f" . . , 

Invasive cardiovascular examination by coronary angioscopy and by using a Doppler guide wire, a prt^:- 

sure guide wire and intravascular ultrasound has extensively developed. A Doppler guide wire is used fo: ; 

measurement of flow velocity and evaluation of coronary blood flow. Previous studies demonstrated % ) 

assessing maximum coronary vasodilatory capacity that endothelium-dependent or independent vasodifo^ 

tion was impaired in hypertension and hypercholesterolemia or in syndrome X. Elevation of coronafv ■ 

vascular resistance during coronary microvascular spasm has been verified by using a Doppler wire. 

A pressure guide wire provides coronary transstenotic pressure and is available in calculating myoc.ar> ; j 
dial fractional flow reserve (FFRmyo) . FFRmyo is an important parameter to assess the coronary functioft- ; 
al stenosis that is culprit for myocardial ischemia. It is calculated from the ratio of the mean transsteho^ 
pressure to the mean pressure proximal to the stenosis during maximum coronary hyperemia. The valu^ 'i 
of FFRmyo considered as necessary for coronary intervention is below 0.75. :^ 

Intravascular ultrasound (IVUS) is applied as both a diagnostic tool and for intervention purpose* ^' } 
enabled tissue characterization of the vascular wall as well as measurements of vascular diameter, vasc(fr.i 
lar lumen area and plaque area. It also aided in optimal devise selection, decision of interventional «K^ 
point and assessment of restenosis. IVUS promoted deployment of high-pressure stents to obtain a larj^ 
post-procedural lumen area as well as abolition of anticoagulation in case of optimal stent deployment. 

Coronary angioscopy has been developed to investigate the pathogenesis of acute coronary syndroOT^ ":! 
where disrupted yellow plaque and overlying thrombus play important roles. Angioscopy has also . 
denced regression of intimal hyperplasia after coronary stentingj 

[ JpnJ Clin Pathol 48: 128-- 137, 20(y0- \ 



*^ Division of Cardiology, Sapporo National HospitalXSapporo 003-0804 



[Key Words] Ky^^ — ;tr-r K V -Ir (Doppler guide wire), 7^ u 'y'> -v ;^f Kr7-< -^(pressure 
wire). (intravascular ultrasound), ^ifc.^ (coronary angioscopy) , I£lkwftiP'ii^^c*V 

ronary flow reserve) , *il-!SlkiJfci^(iSJt (myocardial fractional flow reserve) 
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Table 1 Invasive cardiovascular examination 

1. Cardiac catheterization 

2. Coronary angiography. Ventriculography 

3. Endomyocardial biopsy 

4. Doppler guide wire for evaluation of coronary flow 

5. Pressure guide wire for evaluation of fractional flow reserve 

6. Intravascular ultrasound 

7. Coronary angioscopy 



fil^t^j:oti^ ^ . pressure guide wiretc ct ^ 
SinteiventiontTPiS^Rir-^rcO^V K^K-f V Kco^^ 

piaque(75m^7iMb. ^^hb^^m^z^-f ^m^mMm 

jf^St-^^tt LT. Doppler guide 

wire, pressure guide ynre^^^^ti':^f}x, ifn^p^lS 

I. Doppler guide wire I Zc^-g* 

Doppler guide wire (Fig. 1) lim014'<>'^T'5fe 

9c(0m\:^m^\^}<0^i^t^^(veak velocity : PV)t^^ 

¥*^fl ^average peak velocity (APV) t^Xf, 
m tl^m^(OFy<7:>W-i^m^tn^naverage dias- 
tolic PV(DPV), average systolic PV(SPV) tV^V^o 
^cDJt^^^diastolic-systolic velocity ratio (DSVR) t 

i" ^) M I ^ , adenosine-^papaverinefe ff^CD^-^HxiM 
R t ^n^fhLm.-&(D^^^bm\k^^mm (coronary 
flow reserve, ^jfili^^^iitg) t^&?^t- -bfflt/ ^ bix6 

(Table 2). M.fk'^^mmiat, ±mmmo:>^k'^^^ 




Figure 1 Schema of a Doppler guide wire. 
Sample volume is 5mm distal to the tip of the wire. 



^mtt t acetylcholine (ACh) -^substance PCl ^ 5 

itxwm-t^. 

ACh SO^^Amz±^l^^m^^'^mi-:^\ 100/igfl 
Doppler guide vtrire^ffil/^/cifiLifitji^^J^t- J: ^ , 

mjisiBE.i^^m^ikmx'\t\^f^m^^<Dm.^mm^m 
TtT*5<9»=», mjkf£mx\tACEmmm'^cam^m 
(D^m^x ^ , m^ikmxnnMG'CoA'MTtmmm 

mmm^Md^"^, Fig. x ^m<D}h^w 
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Table 2 Doppler guide wire 



1 . Evaluation of coronary flow 

Antegrade flow. Retrograde (collateral) flow 
Diastolic-systolic velocity ratio (DSVR) 

2. Coronary vasodilatory capacity (Coronary flow reserve) 

Endothelium-dependent vasodilation 
Endothelium-independent vasodilation 



Coronary Flow Velocity Profile 
Average Peak Velocity 
(APV) 

Average Diastolic Peak Velocity 
(DPV) 

Average Systolic Peak Velocity 

CDPV) 
DPV to SPV Ratio 

(DSVR) 





Cardiac cycle 



Figure 2 Flow velocity pattern in the coronary artery. 
Flow velocity is shown as peak velocity in the sample volume and dominant in diastole. Average peak velocity, 
indicates a summation of the peak velocity in a cardiac cycle divided by the time of the cycle. 
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Rgurc 3 Flow velocity changes with intracoronary acetylcholine (ACh) and at post-opacification^ | 
.^r^ velocity (AP\0 at baseline is 21cm/sec. It increases with 50^ of ACh and decreased with 100^ , ||, . | 



ofSfnt^o^^StS;^;^^^^^^^^^ 



.■•"Baselirie; ---- , ■ 
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]F1gure 4 Coronary flow reserve in a patient with 
syndrome X. 

Intracoronary papaverine of lOnig increases APV 
from 24cm/sec to 42cm/sec, indicating coronary flow 
reserve of 1.75. MPV indicates maximum flow veloc- 
ity in a cardiac cycle, 

m^^Miltmt^^ U. :^?^mjiOAPV7)524cm/secf 
: -T-ii^liLTS-dE^M (2.5-4.0) i t9 i)fJ£TUTl^6. 



1.8-1 — o — Diameter 
— •—Flow Rate 




Ergonovine(/j^g) 
Figure 5 Changes in coronary diameter, flow rate 
and coronary vascular resistance during 
microvascular spasm evoked with intra- 
coronary acetylcholine and ergonovine. 
Flow rate is calculated from average peak velocity 
and vascular diameter. Vascular resistance is a ratio 
of mean coronary blood pressure to flow rate. Vase 
Res : vascular resistance. 



Wi^-f' ^t^^^^'^h^o ACh t ergonovine ^ Sift m 
(Fig. 5), ACh-ClilOO/ig?$AP^lC, ergonovine T'li 

II. Presstu^ guide wire fl efc 

pressure guide wireli^ig;^^ b ScmififS^ICfiber- 
optic-t>-^^— ^^{ibfcfS0.014>< >^C»guide wire 




AO aorta; Pa, arterial pressure; Pd, distal coronary pressxire; Pv, venous pressure; 
Q blood flow through the myocardial vascular bed; Qc, collateral blood flow; Qs, blood 
flow through the supplying epicardial coronary artery; R. resistance of the myocardial 
vascular bed; Re, resistance of the collateral circulation; Rs. resistance of the stenosis m 
the supplying epicardial coronary artery; RA, right atrium. 
Figure 6 Schematic model of coronary vasculature with a coronary stenosis. 
(Cited from Circulation 87 : 1354-1367. 1993) 
Myocardial fractional flow reserve is simply calculated by the ratio of Pd/Pa. where Pd and Pa indicate 
mean transstenotic pressure and mean pressure proximal to the stenosis, respectively. 



(myocardial fractional flow reserve : FFRmyo) 

\z-t^^''^'^o FFRmyoli, ^L^m^Jkcoi^^m^^f^ 

?tllw^, interventionCOij^^T^^^it^^^^^^'^'S^ 

adenosinefc^ VM^ipapaverinetC X ^ 
jk^^itLtz^r FFRmyo (Pd-Pv) / (Pa-Pv) "C ff- 
n^mrig. 6). -^&*}IC^#flfSJ£(Pv)^S|^<^^l'^ 

pressure guide wire {zXM^'T^o 

FFRmyo < 0.75 r-tl, ^$fc^t^ct 
C 5 At> l&intervention <?:>3ii JCt^ /i^ L o T 

intervention^ tcFFRmyo>0.75-r'/jr i'^ti\tt<D 
{^:^-i-^t^m^ri^o ^>r-|-t-. FFRmyo >0.75'eit 
^interventionii^^-e, ^<D'i^<D>L^^^m±mhi& 
v^*^ FFRmyo<075ii, rVUST'ffPJ Ufc3^^^(^^ 



6/^5 (Fig. 7A, ^m, ri'bm'^^'f'^y^x 

^Sktmnxta^^^ti *:)FFRmyo ^M^l^tz (Fig. 7B) « 
papaverineAl^tC<t ^^) L/cmc^Si!) 
M3^e^$R3^f5:<^ t^73mmHgr-3^3^lFi5i£fiZ: (75 

3Ft5ikJEH89mmHg-C, ^<Dit^*-0,S2<Dfztbmmt^^) 
"^^{t^j: ^ t ^IWr L-intervention^li t ^Sn Ltio 

UI. ifil^rt*a#;:K^ 
(Intravascular ultrasound, IVUS) 

auto puU-backtcJ: '9ifiL^O:^$4:^r^l(7:>^i^'b^titi 

hi>Uqiie^^^<\^<^^i^ ^ ^ • plaque<7:>^* 
(soft, hard) t^<Dmm, ifeL^f^^^ifiL^F^S^ffi^ 

^rs^^-et. mmmmm'^Mmaphm.mx^ ^ 

(Tables). 

ik'^m(Dmmmtm^xmmm\±f^^^^<^^ 
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Figure 7 



A: A coronary angiogram showing a 90% organic stenosis at the proximal left anterior descending 
coronary artery (Cranially-tilted left anterior oblique view). B: Blood pressure and electrocar- 
diographic monitoring. Mean transstenotic pressure (Pd) and mean pressure proximal to the ste- 
nosis (Pa) were 73 mmHg and 89 mmHg, respectively, indicating myocardial fractional flow re- 
serve of 0,82, Left ventricular pressure (LVp) is also shown. 



Table 3 Intravascular ultrasound (IVUS) 

1 . Vascular diameter (internal, media to media) 

Lumen area. Plaque area 

2. Vascular tissue characterization 

Plaque characterization 

soft : Hpid rich 

hard : fibrous tissue 
Calcification 
Intimal flap. Dissection 

3. Coronary stenting 

optimal stent size and stent expansion 



pIaqueF^ailfiL(iig:;^^^:3--cfe-5. -j5^6^tCsoft 
hard plaque(ilPJ^,^jjtc0^l ^BmUWi'/)^ b^j:Ki, n 

^Ritmmz\t. ^idflfi^ff^/iJcM-^directional coro- 
nary atherectomy J; t> rotational atherectomy 

m6<j-e^5c lvus-r'(ijk^^f5]^Li;i< 

iLTMl^^n^, l^X±i:9. ^iginterventioncoil 
tR, stent^ballooni^^XcO^;^, stentMSf^^Ostent 
teSiS-Q directional coronary atherectomy 

M^^^(r> plaque \j^(D^')^^m. intervention 



ttmmx^tio ^^tz, stent©e^(7:>ifiLt^it^Tstent 
stenmmm(D^IEha\\oont!t^7!>m^^tl. stents 

x% &mTn^&^L^(ses. 6)i^5o%mm^^^7^'- 

(Fig. 8A, ^m, IVUS(Endosonics^t3y3.5F)r'li 
M'L-^cOsoli plaque/Ji 2 ^f)^^10^(D:^\n{zmisf:> h 
n(Fig. 8B), ^/hrflLl^f^flSlS2.8mmT*^ofco 1^ 

75m^^(Dmw}mmBX'p.ttiTn^wtLU 

(seg. 7)tC99%^3^^g^.i6(Fig. 9. i:±. ^^J), m 
2.5mm CO balloontr ct ^^Slil^ ?f5^3c^f^^co IVUS (Fig. 
10) Tfifsl'^li plaque Kl . 4 ^t)^^ eB^{z:^m 
fb^^tfhard plaque^^.i6, IV\JS0:> y h^'^lk 
l^f^S^ { J (^wedge L r V ^ S 0 4mmt7.)gfx stent Ci 

xm^^^^.^Lfz^^ mmm^i^Bi^xmBm^'- 

stent^T'f?©U(Fig, 9, SiT, ^W) , IVUST-^T 
mjLtz, mmU^'^i~X4Amm\z^±l.{rig. 11), 

Mwm^BX'^^nu < stent^x<nmBm<r>i^m^ 

Bi^)/J:v^(Fig• 9, :^T)o 

IV. aiftl^p^^M (coronary angioscopy) 
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A » 
Figin^ 8 A: A coronary angiogram showing a 50% organic stenosis of the proximal left anterior <^l^^J^^^ 
coronary artery (Cranially-tilted left anterior oblique view) . B: Intravascular ultrasound (IVUS) 
image at the coronary stenosis. Broad eccentric soft plaque is shown at the stenosis with a nar- 
rowed lumen colored as red. 




Figure 9 



Serial coronary angiograms at coronary intervenUon. A 99% stenosis is shown at the proximal left 
antTnor descendirS coronary artery (left upper pannel, caudally-tilted right antenor oblique view) . 
Although a gfx stent of 4.0 mm diameter was deployed at the lesion (right upper pannel) stagna- 
tion of contrast medium (CM) at the stent site is noted due to incomplete stent-mtimal contact (an 
arrow in the left lower pannel, cranially-tilted left anterior oblique view) . After the additional post- 
dilatation with a 4.5mm baUoon, a coronary angiogram showed a sufficient dilaUon of the stent 
site without CM stagnation. 
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Figure 10 IVUS image at the stenosis site after 
angioplasty with a 2.5 mm balloon. A 
concentric soft plaque is noted with in 
part a hard plaque and calcification. A 
narrowed vascular lumen is shown as 
red with an almost wedged IVUS shaft. 
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Figure 1 1 IVUS image at the stent site after addi- 
tional post-dilatation with a 4.5 mm bal- 
loon. 

A large lumen shown as red is obtained. 

Table 4 Coronary angioscopy 

1. Plaque 

Color (yellow : lipid-rich, vulnerable to disruption) 

(white : stable) 
Rupture 

2. Ilirombus (red, white, mixed) 

3. Intimal flap 

4. Dissection 

5. Evaluation of acute coronary syndrome and 

vascular remodeling 
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